IV, and V, respectively, of the scale proposed by the World Federation of Neurosurgical Societies, 20 which was developed specifically for patients with SAH. Patients who died before hospital admission or who suffered a cardiorespiratory arrest on arrival were assigned a GCS score of 3. In patients with ICH, the hematoma volume was calculated from CT scans 50 and expressed as the mean Ϯ standard deviation. Hypertension was judged to be present if the patient fulfilled one or more of the following criteria: 1) treatment with antihypertensive medication; 2) a systolic blood pressure greater than 160 mm Hg or diastolic blood pressure greater than 95 mm Hg on at least two occasions before the onset of ICH; and 3) evidence of left ventricular hypertrophy or cardiomegaly on a chest x-ray film or an electrocardiogram. In the present study, evacuation of an ICH by open craniotomy, suboccipital craniectomy, or stereotactic aspiration and clipping of ruptured aneurysms were defined as operations; however, ventricular drainage alone and coil embolization for ruptured aneurysms were not. After discharge, the patients underwent follow-up review by a variety of methods, including personal consultation, telephone interview, and written correspondence. The outcome 6 months after onset was classified according to the GOS. 43 
Statistical Analysis
The unpaired t-test, chi-square test, or Mann-Whitney U-test were used for statistical analysis. Short-(30-day) and long-term (2-year) survival rates were estimated using the Kaplan-Meier product-limit method, 47 and the curves for the various groups were compared using the log-rank test. Multiple logistic regression analysis was performed to determine the variables associated with early case fatality, and the Cox proportional hazards analysis 16 was used to identify variables that predicted long-term survival. In patients with ICH the variables assessed were age, sex, the calendar year in which the ICH occurred, history of hypertension, number of days between onset and admission, GCS score, limb paresis, rebleeding, the side on which the ICH occurred (left, right, or midline), the location of the ICH, the volume of the hematoma on CT scanning, the intraventricular spread of the hemorrhage, and midline shifting. In patients with SAH we evaluated the following variables: age, sex, the calendar year in which the SAH occurred, the number of days between onset and admission, GCS score, rebleeding, single or multiple lesions, site of ruptured aneurysms, maximum diameter of aneurysms, and any evidence of a concomitant hematoma on the CT scan. Each variable was analyzed individually and those found to be significant (p Ͻ 0.05) were included in the multivariate analysis.
Results
Of the 267 patients with ICH, 201 (75%) were admitted on Day 0 (the day on which the hemorrhage occurred), compared with 101 (82%) of the 123 patients with SAH (p = 0.1336). The latter group included three patients who died before hospital admission, six who suffered cardiorespiratory arrest on arrival, and eight who suffered respiratory arrest on arrival. The ICH sites were as follows: putamen (90 patients, 34%); thalamus (76 patients, 28%); combined (a large hematoma involving both the putamen and the thalamus; 13 patients, 5%); caudate nucleus (four patients, 1%); subcortical white matter (39 patients, 15%); cerebellar (20 patients, 7%); and brainstem (25 patients, 9%). Of these ICHs, 135 (51%) were located on the left side, 107 (40%) on the right side, and 25 (9%) on the midline. Evidence of intraventricular hemorrhage was apparent on the CT scan in 108 (40%), and midline shifting could be seen on CT scans in 87 (33%). Of the 235 patients with ICH for whom a history of hypertension was confirmed, hypertension was present in 213 (91%). Of the 91 patients with SAH in whom the exact location of the ruptured aneurysm was confirmed, 25 (27%) had multiple aneurysms; in these 91 patients 38 (42%) aneurysms were located on the anterior cerebral artery, 24 (26%) on the internal carotid artery, 21 (23%) on the middle cerebral artery, and eight (9%) on the vertebrobasilar artery. The size of the aneurysm was determined in 85 (93%) of the 91 patients; 26 lesions (31%) were 10 mm or more in diameter. Of the 121 patients with SAH who were examined us- Table 1 shows the GCS scores on admission for patients with ICH or SAH. Within each group, worsening of the GCS score was associated with increasing age. When all patients were considered, the GCS scores in those with SAH were significantly worse than in those with ICH (p = 0.002). Of the 267 patients with ICH, 25 underwent hematoma evacuation by open craniotomy or suboccipital craniectomy with or without ventricular drainage, and 34 underwent stereotactic evacuation of the hematoma with or without ventricular drainage, whereas aneurysm clipping was performed in 71 of the 123 patients with SAH; that is, operability rates were 22% for ICH and 58% for SAH (p Ͻ 0.0001). Eight patients with ICH underwent ventricular drainage alone, and in two patients with SAH, embolization for the ruptured aneurysms was performed without clipping; these patients were classified as nonsurgical. Among the patients who underwent operation, the GCS scores were significantly worse in those with ICH than in those with SAH (p Ͻ 0.0001; Table 2 ). The operability rate in patients with ICH in the GCS 15 to 13 category was only 15% (24 of 165 cases), and was significantly lower than in those in the GCS 12 to 3 category (34%, 35 of 102 cases; p = 0.002). In contrast, the operability rate in patients with SAH in the GCS 15 to 13 category (88%, 49 of 56 cases) was significantly higher (p Ͻ 0.0001) than in those in the GCS 12 to 3 category (33%, 22 of 67 cases). In patients with ICH, the average hematoma volume was significantly larger (p Ͻ 0.0001) in those who underwent hematoma removal (38.9 Ϯ 25.5 ml) than in those who did not undergo surgery (15.7 Ϯ 30.1 ml).
Operability Rates Compared With GCS Scores
The reasons for withholding surgery in patients with SAH are listed in Table 3 . The main reasons were poor condition of the patient because of the direct effect of the aneurysm rupture itself, and very advanced age.
Short-and Long-Term Survival
Of the 267 patients with ICH, 27 (10%) died by Day 3, 32 (12%) by Day 7, and 38 (14%) within 1 month, whereas in the 123 patients with SAH, case fatality rates were 24% (29 patients) by Day 3, 28% (34) by Day 7, 34% (42) within 1 month, and 37% (45) within 6 months. Of the six patients with SAH who had suffered cardiorespiratory arrest on admission, five were successfully resuscitated initially, but all died by Day 7 without having undergone surgery. Eight patients with SAH who had suffered respiratory arrest on arrival were not treated surgically, and all died by Day 14. The 30-day and 2-year survival curves for patients with ICH or SAH, stratified by age, GCS scores, and the use of surgery, are shown in Figs. 1 to 4. There were no significant differences in either the 30-day or the 2-year survival curves for patients with ICH who did or did not undergo surgery, whereas patients with SAH who underwent surgery exhibited significantly higher survival rates at both time points compared with those who did not. A comparison of the short-and long-term survival rates between patients with ICH or those with SAH is shown in Table 4 . As a whole, the probabilities of surviving for both 30 days and 2 years were significantly higher in patients with ICH than in those with SAH (p Ͻ 0.0001 and p = 0.0207, respectively). However, when only patients who underwent surgery were compared, the short-and longterm survival rates were significantly higher in patients with SAH than in those with ICH (p = 0.0262 for 30-day and p = 0.0002 for 2-year survival, respectively). When patients with ICH were classified according to the volume of their hematoma (1-5 ml and Ͼ 5 ml) and survival rates were evaluated separately, the 30-day case-fatality rates were 8% and 18% (p = 0.0345) and the 2-year survival rates were 75% and 71% (p = 0.5977), respectively.
Predictors of Survival
In the initial analysis of single variables for the 267 patients with ICH, seven variables appeared to have an independent influence on the 30-day case-fatality rate: GCS score, the side on which the ICH occurred, the location of the ICH, the hematoma volume, intraventricular hemorrhage, midline shifting, and rebleeding. For the 2-year sur- vival rate, nine variables (the seven variables identified for the 30-day case-fatality rate plus age and timing of admission) were significant. When these variables were used to develop multiple logistic and Cox's multivariate regression analyses, the most important predictors of the 30-day case-fatality rate, in order of decreasing reliability, were the hematoma volume (p Ͻ 0.0001), GCS score (p Ͻ 0.0001), rebleeding (p = 0.0006), and midline shifting (p = 0.011); whereas those for the 2-year survival rate were the GCS score (p Ͻ 0.0001), age (p = 0.0008), rebleeding (p = 0.0017), and the hematoma volume (p = 0.0065). In the 123 patients with SAH, their age, GCS score, and presence of concomitant hematoma were the single variables with a significant impact on the 30-day case-fatality rate, whereas four variables (the three identified for the 30-day case-fatality rate plus timing of admission) significantly affected the 2-year survival rate. When these variables were used to develop multivariate regression analyses, the most important predictors of the 30-day case-fatality rate, in order of decreasing reliability, were the GCS score (p Ͻ 0.0001) and age (p = 0.0308), whereas only the GCS score was significant for the 2-year survival rate (p Ͻ 0.0001). Table 5 shows the GOS scores for 228 of the 267 patients with ICH and all of the 123 patients with SAH 6 months after onset (39 patients with ICH were lost to follow up). Overall, there was no significant difference in outcome between patients with ICH and those with SAH (p = 0.5226). The percentages of patients with a favorable outcome (GR or MD) were 56% for ICH and 49% for SAH (p = 0.215), with 30% of patients with ICH and 43% of those with SAH making a GR (p = 0.0167). When only patients who underwent surgery were compared, the results were significantly better in those with SAH than in those with ICH (p Ͻ 0.0001; Table 6 ). The percentages of patients with a favorable outcome were 44% for ICH and 76% for SAH (p = 0.0003); however, only 17% of patients with ICH made a GR (p Ͻ 0.0001), whereas 66% of patients with SAH did so.
The GOS Scores at 6 Months After Onset
The causes of death in patients who died within 6 months of the onset of hemorrhage are shown in Table 7 . In both groups, the most important cause was a direct effect of the hemorrhage per se.
Discussion
Theoretically, to address the overall management outcome, we should include all patients within a certain geographical area, regardless of their clinical condition or age. In this study, we made an effort not to miss even patients who were in very poor condition and/or elderly and those who died before or just after admission. 38 at present, there is no way of obtaining information about very mild cases that are not examined adequately. In Izumo City, most patients with ICH or SAH are transferred to hospitals as emergency cases; 30, 32 thus the percentage of patients who were admitted on Day 0 was very high for both groups. However, rebleeding occurred more often and more suddenly in patients with SAH. It is a wellknown fact that rebleeding of SAHs is especially common within 6 hours of onset. 33, 36 In addition, the clinical condition on admission was more severe in patients with SAH than in those with ICH. Whereas nine patients (7%) with SAH died before reaching a hospital or suffered a cardiorespiratory arrest on admission, none of the patients with ICH did so. Among patients 80 years of age or older, GCS scores were much lower in those with SAH than in those with ICH, yielding an 86% fatality rate for patients with SAH 1 month after the onset of the hemorrhage. In other words, there are major differences in GCS scores and outcomes in patients with SAH before and after the age of 80 years.
Surgical Indications and Operability Rates
Despite recent improvements in the surgical treatment of ICH, it is still unclear whether surgical removal of an ICH will improve the outcome. 3, 6, 9, 25, 45, 46, 54 Of the four randomized trials of surgical treatment for ICH in hospitalized patients, McKissock, et al., 54 Juvela, et al., 45 and Batjer, et al., 6 found that surgical intervention offered little advantage over conservative treatment, whereas Auer, et al., 3 reported that endoscopically guided evacuation of the hemorrhage resulted in a significantly lower case-fatality rate at 6 months than in a medically treated group. Broderick, et al., 9 conducted the only community-based study concerning the effect of surgical removal of hematomas. They removed hematomas from 34 (18%) of 188 patients with ICH; however, they included eight patients with arteriovenous malformations. The true operation rate for ICH was therefore 14% if these patients are excluded. For patients with a deep or lobar hemorrhage, the case-fatality rate at 1 month was 25% in those who underwent surgery and 46% for those who did not; however, the difference was not statistically significant. There is little doubt that surgery has a beneficial effect in patients with SAH, and there has recently been a trend toward operating early after onset. 15, 29, [30] [31] [32] 39, 40 In our study, the operability rate for patients with ICH was 22%, and the 1-month and 2-year case-fatality rates did not differ significantly between patients who did and did not undergo an operation. However, when we take into account the fact that the ICHs were significantly more severe in the patients who underwent surgery than in those who did not, the lack of a statistically significant difference in outcome might indirectly indicate that evacuation of the hematoma is effective in reducing the rate of mortality. In any event, there are considerable differences in the indications for surgery between ICH and SAH; lowrisk patients with ICH were seldom surgically treated, whereas low-risk patients with SAH are considered to be good candidates for an operation. Therefore, it is impossible to make a direct comparison of surgical results between patients with ICH and those with SAH.
Short-and Long-Term Survival
According to published epidemiological studies, overall case-fatality rates for patients with ICH were 30 These results generally seem to represent the natural course of the condition, because surgery was seldom performed.
In the present study, the overall survival rates at 1 month and 2 years were 86% and 73% for patients with ICH and 66% and 62% for those with SAH, respectively. Thus, the overall survival rates for patients with ICH or SAH in Izumo were more favorable than the rates in epidemiological studies published to date, especially for patients with ICH. As an explanation of the low case-fatality rate for ICH, in recent clinical studies the authors have stressed the detection of small hematomas on CT scanning. 19, 27, 28 However, in the present study, case-fatality rates for ICH hardly changed when small hematomas were excluded from the calculations. Therefore, the lower case-fatality rate for ICH was probably due to the more aggressive management policy adopted in this city, or to the improvements afforded by contemporary medical and surgical procedures such as stereotactic aspiration of ICH after application of a local anesthetic agent. In our previous study, conducted in Izumo, although there was a tendency toward a better surgical outcome in patients with SAH between 1980 and 1986 and 1987 and 1992, the overall probability of survival did not improve significantly. 39 In our present study, despite the fact that the survival rate for patients with SAH who underwent aneurysm clipping was 100% at 1 month and 97% at 2 years, the overall probability of survival still remained unsatisfactory. This discrepancy between the improvement in surgical results and the overall outcome for patients with SAH can be explained by the fact that approximately half of the patients with SAH were not treated surgically. Therefore, it may be considered that increasing the operability rate for such patients is one of the practical ways in which the overall survival rates can be improved. In fact, in recent clinical studies investigators have demonstrated an improvement of surgical results even for patients who were in poor condition and/or elderly. 4, 31, 39, 40, 60 However, in Izumo, when taking into account the reasons for withholding surgery in patients with SAH, most of them were ineligible because of very poor risk factors and/or very advanced age. Therefore, it must be concluded that any fur- (6) 12 (10) † Thirty-nine patients were lost to follow up.
ther remarkable improvement in overall case-fatality rates for SAH is unlikely.
Predictors of Survival
In previously published studies, the most important determinants of death during the first 30 days after the onset of ICH were the volume of the hematoma, 11,23,52,64 the level of consciousness 11, 52, 64 and intraventricular spread of the hemorrhage, 11, 17, 23, 52 whereas prognostic indicators of survival at 1 year were the level of consciousness 44 and age. 24 With respect to SAH, it has been well established that the management outcome depends on the clinical grading, the hematoma volume, in combination with the GCS score, was a powerful predictor of 30-day mortality rates in patients with ICH. With respect to SAH, in our previous Izumo study, 39 the clinical grade at admission, rebleeding, the SAH grade, and the aneurysm site were significant predictors of 2-year survival, whereas in Rochester, Minnesota, 42 the level of consciousness and increasing age were significantly related to 30-day mortality rates.
In the present study, the hematoma volume was a strong independent predictor of the 30-day case-fatality rate for patients with ICH, and this has also been identified as an important prognostic factor in previous studies.
11 ,23,52,64 In addition, the GCS score was consistently linked with both 30-day and 2-year survival, not only for patients with ICH but also for those with SAH. The major role of the level of consciousness as a predictor of outcome after hemorrhage has been well established in the literature, especially in patients with SAH. 11, 32, 37, 39, 40, 48, 52, 56, 64, 65 Of interest, in patients with ICH, increasing age did not influence the 30-day case-fatality rate, but was significantly associated with 2-year survival; however, in patients with SAH, age was a significant predictor of early death but not of longterm survival. Thus, in elderly patients, the acute stages of ICH may not directly result in death, but later damage may gradually increase later case-fatality rates. On the other hand, most elderly patients with SAH, especially those 80 years of age or older, cannot tolerate the acute stages of SAH, and as a consequence 2-year survival rates are mainly based on relatively young patients (Ͻ 80 years of age). Therefore, the predictors of short-term survival are not the same as those of long-term survival.
Functional Outcome
In some hospital-based studies, the functional outcome of ICH was evaluated at discharge or at set times after onset. In published hospital-based studies in which the GOS score was chosen to measure functional status 6 months after ICH, the percentages of patients with a favorable outcome (GR or MD) were 42 to 62% 17, 18, 55 and the favorable outcome rates for ICH survivors were 73 to 85%. 17, 18, 55 In a 6-month follow-up study, McKissock, et al., 54 found that 12% of 91 conservatively managed patients with ICH had returned to full employment, whereas 22% remained partially disabled. In 89 surgically treated patients with ICH, the corresponding percentages were 11% and 9%. However, no epidemiological studies have evaluated the long-term functional prognosis of ICH. In an epidemiological study conducted in central Finland, 22 the functional outcome 4 years after SAH was significantly better in the 1980s than in the 1970s, with 82% as opposed to 64% of survivors deemed independent as regards activities of daily living.
In the present study, when the overall management outcome 6 months after onset was analyzed, there was no significant difference between the ICH and SAH groups in the percentage of patients with a favorable outcome. However, when the analysis was restricted to patients who had undergone surgery, favorable outcomes were significantly more common in patients with SAH than in those with ICH. The most plausible reason for this disparity seems to be the difference in the indications for surgery between ICH and SAH. Because patients with SAH had a more favorable outcome after surgery, eligibility for surgery is likely to be one of the most important factors affecting functional outcome, as it is for survival. However, the functional outcome in elderly patients with SAH was still disappointing, even if they were considered suitable for surgical treatment. Indeed, hospital-based studies in this area have shown that, although the operability rate for elderly patients 70 to 79 years of age has increased, resulting in improvements in both surgical and management outcomes, functional outcomes are still unsatisfactory in this group, partly because of the high proportion of non- surgically treated patients. [30] [31] [32] 34, 37, [39] [40] [41] Finally, some recent hospital-based studies have focused on cognitive and psychosocial outcomes in patients with SAH. 53, 57 Further epidemiological work is needed in this area.
Conclusions
This community-based study showed that, despite improvements in the outcomes of operations for primary ICH and aneurysmal SAH, overall morbidity and mortality rates for these disorders remain high. In particular, although the results of surgery for ruptured aneurysms have improved to the point where the operative fatality rate is approaching zero at 1 month, there has been little improvement in the overall management outcome. This is probably because many patients are ineligible for surgery because of poor risk factors and/or old age.
